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INTRODUCTION. 

The recent activity of Hayden, Stone and Company in experi- 
mental work to determine the possibility of concentrating the 
fine-grained magnetite of the eastern Mesabi has led to a con- 
sideration of the availability of other Lake Superior deposits of 
low grade magnetite bearing rock for magnetic concentration. 
Within a few miles east of the quarry site selected by those inter- 

* Published by permission of W. H. Emmons, Director, Minnesota Geolog- 
ical Survey. 
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ested in the east Mesabi deposits, the ore fo.rmation is cut off by 
the Duluth Gabbro. Sixty miles northeastward, in the vicinity 
of Gunflint Lake, it emerges again and extends into Canada. 
Naturally the question arises as to the nature of the formation in 
this area, and the possibility of mining and concentrating it at a 
profit. 

Since it was found that field study on the eastern Mesabi was 
successful in making a subdivision of the Biwabik formation 
which limited the ore best adapted to concentration to certain 
horizons, • the writer with Mr. Gruner was sent into the Gunflint 
Lake country for' several weeks by the Minnesota Geological Sur- 
vey, to make a similar study. The chief objects of the work were 
to determine whether or not the subdivisions of the Biwabik for- 
mation of the Mesabi persisted in the Gunflint formation; to add 
to the knowledge of the structure of the formation; and to study 
the formation from the standpoint of the possibility of magnetic 
concentration, with sampling of favorably appearing horizons 
for test runs. Although the time allowed fo'r the work was rather 
short, the main objects of the trip were accomplished. 

PART I. GENERAL GEOLOGY. 

General Features. 

The Gunflint area is situated in Townships 6 5 N., Ranges 4 
and 5 W., in the northwestern part of Cook County, Minnesota, 
its eastern boundary being Gunflint Lake, which is part of the 
Minnesota-Ontario boundary waters. It extends westward for 
about 8 miles, where the iron formation is cut off by the Duluth 
ga•bbro. The area where the iron formation outcrops is marked 
by gentle slopes to the south, broken by steep northwa•'d-facing 
cliffs, some of them a hundred feet or more in height. These 
cliffs are capped by diabase sills or by the more resistant cherty 
beds of the iron formation. A pre-glacial valley, which cuts 

x Broderick, T. M., "Detail Stratigraphy of Biwabik Iron-bearing Forma- 
tion, East Mesabi, Minnesota," Eco•r. GEon., vol. •4, PP. 44•-45•, •9•9. 

Grout, Frank F., "The Nature and Origin of the Biwabik Iron-bOaring 
Formation of the Mesabi Range, Minnesota," Ecoa. GEon., vol. •4, PP. 452- 
464, •9•9. 
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across the east-west ridges, is a prominent feature in Secs. 22 
and 27 . In most of the area outcrops are abundant. 

A few old claim shanties, the fallen-in 'log buildings of the 
abandoned Paulson Mine (Fig. 52 ) and overgrown wagon roads 
speak of a considerable activity. Every year the area is visited 
by men interested in the possibilities of the development of the 
iron ore. 

The area is reached by weekly railroad service firom Port 
Arthur, Ont., to'North Lake, Ont., which is about •4 miles from 
the west end of Gunflint Lake, or, it may be just as convenient to 
go in by canoe from Winton, Minnesota, whicl• is about 3 days' 
journey. Another way in is from Grand Maraid, by an old county 
road. 

oCuccession o/Rocks. 

The succession of rocks in the Gunflint district is as follows: 

Quaternary System 
Pleistocene series Drift 

Unconformity 
Algonkian system 

Keweenawan series Duluth gabbro and Logan sills 
Unconformity 
Huronian series 

Upper Huronian (Animi- f kie group) 
Unconformity 
Lower Middle Huronian 

Rove slate 

Gunflint formation (iron-bearing) 
Quartzite member 

Unconformity 

Archean system 
Laurentian series 

Kaewatin series 

Graywacke with acid and basic 
intrusives 

Saganaga granite intrusive into 
the Keewatin 

Green schists, greenstone 

The present paper is concerned chiefly with the rocks of the 
Upper Huronian group, and the igneous intrusives of Kewee- 
nawan age. The others are mentioned briefly, and for a more 
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detailed description of them the reader is referred to earlier pub- 
lications. 2 

General Description of Upper Huronian. 

In the Gunflint district the Upper Huronian consists of three 
members, a lower quartzite, overlain by the Gunflint iron forma- 
tion and the Rove slate. These are correlated with the Pokegama 
quartzite, the Biwabik iron formation, and the Virginia slate of 
the Mesabi range. Just as the gabbro cuts across the Upper 
Huronian on the east Mesabi, overlapping the upper beds first 
from west to east, so it cuts across the Upper Huronfan in the 
Gunflint district, overlapping successively the upper and lower 
beds from east to west. The iron formation first appears in Sec. 
34, T. 65 N., R. 5 W., widening out gradually toward the east, 
until in the western part of Sec. 27, T. 65 N., R. 4 W., all the 
beds of the Gunflint are present and Rove slate appears. This in 
turn widens out toward the east, 'there being a thickness of many 
thousands of feet some distance east of the limits of the Gunflint 

district. The structure of the Upper Huronfan is monoclinal, 
dipping at various angles to the south. The beds are intruded by 
diabase sills and dikes and by the Duluth gabbro. They lie un- 
conformably upon the Lower Huronfan and Archeart rocks. 

Basal Quartzite. 

At the base of the Upper Huronian, there is in many places a 
conglomerate, made up of pebbles of the underlying formations 
and vein quartz. In Secs. 22, 23, and 24, this conglomerate 
grades upward into a fragmental quartzite. In much of the pre- 
vious literature on the Gunflint and eastern Mesabi districts, the 
term "quartzite" is used to designate the entire thickness of iron 
formation in the vicinity of the Duluth gabbro, where it has been 
recrystallized into a rock consisting of a large proportion of 
coarse quartz grains. The probable origin of most of this quartz 

2Grant, U.S., Final Report Minn. Geol. and Nat. Hist. Survey, vol. 4, PP. 
462-480, I898. 

Van Hise, C. R., and Leith, C. K., U.S. Geol. Survey Mort. 52, pp. I98- 
204, I9II. 



426 T. M. BRODERICK. 

is by metamorphism of chemically precipitated silica, as a result 
of the heat and pressure developed during the intrusion of the 
gabbro. Very little of it is of clastic origin. The word quartzite 
is used in this paper to designate a rock made up largely of clastic 
quartz grains with a quartz cement. Such a basal member of the 
Upper Huronian corresponding to the Pokegama quartzite of the 
Mesabi range, has been thought to be entirely lacking in the Gun- 
flint district. In the sections mentioned above, there is a lens of 
such material which reaches a thickness of at least •o feet in Sec. 

23 . It is made up largely of fairly well sorted rounded quartz 
grains, enlarged.by secondary growth. Some of it has a greenish 
tinge, due to a small proportion of chlorite between the grains. 
The quartzite lies upon the Saganaga granite, the contact being 
marked in most places by a thin basal conglomerate with more or 
less greenish shaly material. 

Gun flint Iron-bearing Formation. 

Introduction.--Conformably above the quartzite is the Gun- 
flint iron-bearing formation. The lower beds of the formation 
first appear in Sec. 34, T. 65 N., R. 5 W., extending eastxvard for 
a distance of 6 miles in a belt averaging less than one quarter of 
a mile in width. Thence from the Paulson mine eastward for a 

mile, the belt widens, due to a flattening of the dip and to folding. 
The width of outcrop becomes less again toward Gunflint Lake 
(Fig. 52). 

The different horizons of the Gunflint formation subdivided 

and compared with the divisions of the Biwabik formation of 
the Mesabi range is of interest. Wolff a has divided the Biwabik 
formation of the main Mesabi into four large divisions •vhich 
he recognizes in all parts of the range. They are called cherty 
or slaty beds according to xvhether they are massive siliceous 
taconite or thin bedded taconite. Thus the lower part of the 
formation is called the Loxver Cherty beds, and this is overlain 
in.turn by the Lower Slaty, the Upper Cherty, and the Upper 

a Wolff, J. F., "Recent Geologic Developments on the Mesabi Iron Range, 
Minnesota," .4m. Inst. Min. Eng. Trans., vol. 56, p. x42, x9x6. 
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Slaty beds. In •9x7 the Minnesota Geological Survey ex- 
tended this subdivision through the eastern end of the range, 4 
adhering to the main divisions described by Wolff, and the 
persistence of the main divisions of the Biwabik formation 
for a distance of one hundred miles along the strike has been 
recognized. Although it seemed reasonable to expect that the 
Gunflint formation, only 6o miles from the eastern Mesabi, 
should show somewhat the same stratigraphy as the Biwabik, if 
previous correlations of the two formations were correct, the 
writer was surprised to find a remarkable similarity, even in 
minor details, between the formations in the two districts. 

Detailed Stratigraphy.--The following tabulation shows in 
brief the chief characteristics of the Gunflint iron-bearing for- 
mation. 

TABLE OF GUNFLINT IRON-BEARING FORMATION. 

TOlY--Rovc slate. 
Gunflint iron-bearing formation. 

D. Upper Slaty beds. Thickness. 
No. 3- Limestone with silicates, practically no magnetite.. •o fcct 
No. 2. Thin bedded quartz amphibolc carbonate rock with' 

graphitic slate in thin layers, alternating with 
bands of almost pure chcrty silica averaging • to 
2 inches in thickness. From 5 per cent. to •o per 
cent. magnetite. •4o fcct 

No. •. Similar to No. 2, with thicker and more lenticular 
chcrty beds, some with white quartz septaria. 5 
per cent. to •o per cent. magnetite. 

Entire Upper Slaty, drag folded and intruded by Prc-Gabbr{ 
diabase sills. 

C.. Upper Cherty beds. 
No. 2. Massive gray cherty beds with algal structures in 

middle. Little magnetite, but some conglomerate 
in places. Beds of rich magnetite a few inches in 
thickness above and below the algal structures .... 2o feet 

No. •. Wavy lenticular gray cherty beds, little conglomerate, 
thin beds of magnetite becoming more frequent 
downward. Less than 2o per cent. magnetite ...... 25 feet 

B. Lower Slaty beds. 
No. 3. Thin bedded, fine graihed, cherty amphibole magnetite 

rocks; 25 per cent. to 35 per cent. magnetite ....... 45 feet 

4 Broderick, T. M., op. cit. 
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No. 2. Massive cherty beds with a few slaty seams. Bottom 
8 feet marked by bands of white quartz and green 
amphibole. Little magnetite ...................... 25 feet 

No. I. Black thin bedded slate; little magnetite ............. Io-25 feet 
•/. Lower Cherty beds. 

No. 3. Massive cherty beds, poorly exposed; about 20 per 
cent. magnetite ................................. Io-2o feet 

No. 2. Massive cherty amphibole magnetite rock; about 50 
per cent. to 60 per cent. magnetite ............... 5-I5 feet 

No. I. Basal beds, conglomerate, shale, massive chert with 
algal structures common ......................... o- 5 feet 

Bottom•Saganaga granite, Lower Huronian slate and con- 
glomerate or Upper Huronian quartzite. 

,4. Lower Cherty Beds.--Bed No. • in most places observed is 
but a few feet in thickness and contains more or less conglom- 
eratic material. It is well exposed on a low ridge just to the west 
of the line between Secs. 23 and 24 (Fig. 52), along the contact 
with the underlying quartzite. Here it is composed largely of 
cherty fragments in a cherty groundmass. Structures which 
have been ascribed to algal origin are common in this bed, al- 
though they lack the regularity of those of the East Mesabi. 
Granules of the shapes and size of the greenalite granules of the 
Biwabik formation are not uncommon. No greenalite was noted, 
the granules now being made up of quartz, amphibole, and mag- 
netite. Where the conglomerate lies directly upon the Archean, 
as in Sec. 27, it is made up of fragments of quartz and green 
schist, with more or less shaly material. 

Bed No. 2 is the horizon of extensive exploration and devel- 
opment. The evidence gained from diamond drilling, pits, 
shafts, and the present study of the formation, bed by bed, makes 
it certain that this is the richest horizon in the formation. As- 

says have been published showing iron contents around 60 per 
cent. These high percentages do not represen.t any considerable 
thickness, however, and they undoubtedly include the iron in 
minerals other than magnetite. The greatest thickness seen by 
the writer (Sec. 23) was I2 feet. This was found to contain 
38.23 per cent. iron in the mineral magnetite. 5 

* From a sample turned over to the Minn. School of Mines Expt. Sta. for 
magnetic concentration test. 
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The best exposures of the bed are in Sec. 23, where it is a 
rather massive thick bedded magnetite rock with subordinate 
quartz and amphiboles. It is compara, tively coarse grained; the 
silicates in many cases appearing as spots one quarter of an inch 
in diameter. 

Bed No. 3 is not well exposed in the area. It is known chiefly 
from drill cores, and may be regarded as an upward gradation of 
bed No. 2 with a considerable drop in magnetite content, leaving 
the quartz and silicates as the predominant minerals. 

The Lower Cherry beds have been intruded by diabasic and 
gabbro dikes, but no sills were noted in them. 

B. Lower Slaty Beds.--Above the Lower Cherry beds lies a 
thin-bedded, black, graphitic slate (Bed No. •) which forms the 
base of the south wall of the valleys which lie along the junction 
of the Lower Cherry and Lower Slaty beds. Such valleys cross 
the southern parts of Secs. 2• and 22, and the north halves of 23 
and 24 . The valley in the western part of which the Paulson 
mine is located (Figs. 52-53 ) is also in these softer beds. No 
pronounced secondary cleavage is developed in this rock, but it 
breaks easily parallel to the bedding. The entire thickness of 
these beds was not measurable in the outcrops. Drill cores of 
holes in the vicinity of the Paulson mine and westward show it to 
be about •o feet. East.ward across Secs. 22, 23, and 24, it is 
probably greater, the maximum being about 25 feet. The mag- 
netite content is low. 

Bed No. 2 is of the massive cherty type which characterizes 
the Upper Cherty beds and would be mapped as such were it not 
for the fact that it lies between beds • and 3, both of which are 
slaty in character. The bottom 8 feet of this bed is marked by 
bands of white quartz and green amphibole. The upper part is 
made up of a dense gray cherty rock, with occasional thin wavy 
seams containing more amphibole and magnetite than the rest. 
This bed is well exposed in Secs. 27 and 22. It is about 25 feet 
in thickness and contains little magnetite, but grades upward into 
bed No. 3 by increase in the number of thin slaty seams richer in 
magnetite. 
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Bed No. 3 is a thin bedded, bluish or greenish black rock with 
a marked cleavage parallel to the bedding. The beds are exceed- 
ingly thin, many being .•, mm. and less. T,hey are persistent, 
uniform in thickness, and form marked contrast to the lenticular 
beds which are common in other parts of the formation. The 
predominant minerals are quartz, amphibole, and magnetite, but 
while the magnetite content is fairly high, the exceedingly fine- 
grained texture makes the problem of magnetic concentration 
difficult. The thickness is about 45 feet. 

No diabase sills were noted in the Lower Slaty beds, but there 
are a few basic dikes. 

C. Upper Cherry Beds.--There is no sharp division between 
the Upper Cherry beds and the Lower Slaty. Massive cherty 
beds appear in the top of bed No. 3 of the Lower Slaty horizon, 
and within a few feet above become predominant, the thin- 
bedded, magnetite-rich layers becoming fewer and further be- 
tween. The rock is gray in color and consists predominantly of 
quartz. The thinner magnetite layers, which are wavy and ir- 
regular, divide the rock into long lenticular beds. The total mag- 
netite content of bed No. • is low, being probably less than •5 
per cent. The size of grain is coarse as compared with the Slaty 
beds, although thin sections show considerable fine cherry ma- 
terial, with a few of the granule forms. Very little material of 
clastic origin was seen. The conglomeratic texture which char- 
acterizes the Upper Cherry of parts of the Eastern Mesabi is 
lacking in this bed. The thickness as measured in Sec. 22 is 25 
feet. 

A'bove bed No. • is about 20 feet of similar material which is 

even more massive than bed No. •. The beds are thicker and 

the seams rich in magnetite are fewer. The average magnetite 
content is probably less than xo per cent. In the midst of this bed 
is found a horizon up to 5 feet in thickness which is conspicuous 
because of peculiar markings. Narrow black lines appear on the 
weathered surfaces which curve and twist into forms variable in' 

shape and size. In some'places they are parallel to the bedding, 
and would be classified as bedding if it were not for the many 
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odd contortions that they show. In both horizontal and vertical 
cross sections they are seen to curve around and double back on 
themselves, assuming forms that can not be explained as being 
the results of deposition cross bedding, or of folding. In some 
cases they form concentric shells about magnetite pebbles, or 
quartz amphibole magnetite granules. Such concentric forms 
may be seen around cherty masses several feet in diameter. Com- 
ing as they do at the same horizon as the structures thought to be 
of algal origin at the top of the Upper Cherty in the Bastern 
Mesabi district, they are assigned to the same mode of origin, 
although they lack to a large extent the more uniform shapes arid 
size shown by those of the Mesabi range..Immediately asso- 
ciated with these structures in the Gunflint formation is the only 
marked conglomerate of the Upper Cherty beds. The pebbles 
are mostly less than one half inch in diameter and are made up 
of chert or magnetite. In some places there is an abundance of 
rounded fragments having the same algal structures as the 
matrix, showing that the structures were formed and broken 
before the deposition of the next bed. 

Granule forms are not uncommon, the rounded and crescentic 

shapes being preserved, although the greenalite which is thought 
to have been the original material of the granules has been re- 
placed by quartz, amphibole and magnetite. These minerals are 
the most abundant ones, in the order named, of the bed as a 
whole. 

Here and there, immediately above and below the algal struc- 
tures, may be found a few inches of almost pure magnetite. The 
hematite which marks this horizon on the East Mesabi was not 

found in the Gunflint region. West of the Paulson mine, where 
the proximity of the Duluth gabbro has caused extensive recrys- 
tallization, the structures are not to be found, but east of the 
Paulson} one may follow the top of the ridge of iron formation 
for over half a mile, walking on an almost continuous exposure 
of the algal structures. The outcrops of Upper Cherty beds in 
Secs. 22 and 2 3 are commonly of this algal horizon, as it is very 
resistant to erosion. The thinness of this bed, its persistence, and 
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its many exposures made it the most valuable horizon marker in 
the district. 

Diabase dikes cut the Upper Cherry beds in several places, but 
no sills were found in them. 

D. Upper Slaty Beds.--The Upper Slaty beds outcrop in the 
folded portion of the area, and have been intruded by diabase 
sills and dikes of varying size. The characteristics of the beds 
can be observed and general subdivisions made with a fair de- 
gree of certainty, but measurements of thickness are subject to 
considerable error. 

As a whole the Upper Slaty beds show a predominance of fine- 
grained, thin-bedded rock. The mineral composition is not dif- 
ferent from that of the Cherry beds, that is, largely quartz and 
amphibole, with some magnetite. The difference is in the finer- 
grained texture and the thin beds. The lower beds of the Upper 
Slaty are characterized by the frequent lenticular cherry layers 
between the thin bedded slaty material. In these cherry lenses 
are occasional conglomerate pebbles, and in about six outcrops in 
the area studied, septaria with white quartz filling the cracks were 
seen. The area of each septarium was less than • square foot. 
Above these "septaria" beds the lenticular nature is not so pro- 
nounced and the formation is made up of parallel layers of thin 
bedded graphitic quartz amphibole rock, alternating with thicker 
beds of very fine grained chert. Quartz grains .oo• mm. in diam- 
eter are common in these cherry layers. Such layers are not len- 
ticular, but extend some distance parallel to the other beds. They 
are in general less than 2 inches in thickness. In many places, 
especially near the top of the formation, there is more or less cal- 
cite present. Thin sections show the presence of secondary sili- 
cates developed from the carbonate, such as diopside and actino- 
lite. The magnetite content of the Upper Slaty beds is probably 
less than •o per cent. No especially rich horizons were found. 
The Upper Slaty beds can be seen in good exposures across the 
south half of Sec. 2 3. The gabbro begins to cut across them in 
Sec. 2 7 , and therefore they become thinner westward. The thick- 
ness as estimated from cross sections is' about •4o feet. 
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At the top of these two lower members of the Upper Slaty 
beds is Bed No. 3. This is principally a carbonate rock, largely 
calcite. Secondary silicates are abundant and the grain is rather 
coarse, due to a thick diabase sill which follows it. This lime- 
stone is but •o feet in thickness, and occurs in the southeast cor- 
ner 'of Sec. 2 3 . 

Correlation with the Biwabik Formation.--The propriety of 
correlating the Gunflint iron-bearing formation with the Biwabik 
formation of the Mesabi range is no longer questioned. The 
most recent detailed studies of the region lead to the conclusion 
that both formations are the middle member of the Upper 
Huronian or Animikie group. ø The principal bases upon which 
this correlation has been made are: 

•. They are both unconformably above the Lower-Middle 
HuronJan series. 

2. They are conformably overlain by a thick slate formation. 
3-Although there is no direct connection between the two 

because of the truncation by the Duluth gabbro, numerous inclu- 
sions of the iron formation near the base of the gabbro in the 
sixty-mile gap between outcrops in place are suggestive of the 
former continuity of the formation. 

When one compares the two formations, bed by bed, there can 
be no doubt as to the accuracy of the correlation. The following 
points of similarity of the Gunflint formation and the Biwabik 
on the east Mesabi are to be noted. 

•. The general divisions into Upper and Lower Cherty and 
Upper and Lower Slaty are easily made in each case. 

2. Conformably below the iron formation and unconf6rmably 
above the older rocks is a thin quartzite in some places. 

3. At the base of the iron formation is a thin conglomerate. 
4. Toward the base of the Lower Cherty is a bed of compara- 

tively rich magnetite ore. 
5. Above this is a lean cherty bed, showing algal structures on 

the east Mesabi, but not sufficiently exposed in the Gunflint area 

0 Grant, U.S., op. cit. 
Van Hise, C. R., and Leith, C. K., op. cit. 
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to determine whether such structures exist. The bed is known 

to be present, however, from drill cores {vhich are too small to 
show algal structures the size of those at this horizon on the 
east Mesabi. 

6. At the base of the Lower Slaty lie the lean thin beds known 
over the Mesabi range as the "Intermediate Slate." 

7. Above the intermediate slate lies a lean massive cherty bed. 
8. Near the top of the Upper Cherty beds are found the pecul- 

iar structures ascribed to algal growth. 
9. These beds showing algal structures have more conglom- 

eratic material than any other part of the formation excepting 
the basal conglomerate. 

•o. Above and below the conglomeratic algal beds on the east 
Mesa•i occurs about •o feet of exceptionally rich magnetite beds, 
In a few scattered places along the outcrops of the algal beds in 
the Gunflint area, are patches of almost pure m.aglqetite one or 
two inches thick. They would probably have been overlooked as 
not worthy of mention, had it not been for the fact that the writer 
was looking for the equivalent of the rich beds in a similar hori- 
zon on the east Mesabi. 

• •. White quartz septaria are conspicuous in almost any out- 
crop of the lower beds of the Upper Slaty horizon on the East 
Mesabi. These septaria are not nearly so numerous in the Gun- 
flint formation, but they are present in the same place stratigraph- 
ically as on the east Mesabi. 

•2. The only notable drag folding on the east Mesabi is in 
the Upper Slaty beds. Here the size of the folds is in general 
small.. In the Gunflint region the Upper Slaty beds show close 
folding over the greater part of the area in which they outcrop. 

•3. The upper parts of the Upper Slaty beds have increasing 
amounts of carbonate. 

•4. The Upper Slaty beds are intruded by numerous diabase 
sills. 

•5. The top of the Upper Slaty beds is a thin layer of amphi- 
bolitic limestone. 

•6. Conformably above the iron formation in each district lies 
a great thickness of slate. 
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The chief points of dissimilarity of the Gunflint and the Biwa- 
bik formation of the east Mesabi are that most beds of the Gun- 

flint are decidedly lower in magnetite than the corresponding 
beds on the east Mesabi; the Lower Slaty division of the Gunflint 
contains a magnetite rich bed not represented on the east Mesabi; 
and the Upper Cherry division, notable for its magnetite content 
on the east Mesabi, is decidedly lean in the Gunflint. These dif- 
ferences do not affect the general correlation, however, because 
within a distance of 7 miles on the east Mesabi, the Upper Cherty 
beds become decidedly leaner and show much less conglomerate, 
while the thickness of rich magnetite in the Lower Cherty beds 
increases from a few feet up to fifty. 

Structure.-•The structure of the Gunflint formation is mono- 

clinal. The strike is in general a little north of east and the dip 
is to the south, excepting on the limbs of minor folds. Dips of 
45 ø to 6o ø are common in the western end of the district; east 
of the Paulson mine it averages about •o ø to •2 ø. 

The outcrops of horizon markers and their dips indicate that 
in the eastern end of the district there are repetitions of the 
various beds, some of which are explainable by folding, others 
being more likely due to faulting. Some of the dips vary in short 
distances from o ø t6 vertical, and from north to south. The 
beds show considerable contortion. It is noteworthy that all these 
contortions are in the Upper Slaty beds .where considerable brec- 
ciation of the cherty material took place, and the slaty carbonate 
parts flowed around the angular chert fragments. It seems un- 
likely that the entire formation was as closely folded as were 
these Upper Slaty beds. 

The writer observed no evidence of such close folding in the 
massive cherty beds or in the diabase sills. It has been suggested 
that these contortions are due to the intrusive action of the dia- 

base. 7 Inasmuch as the diabase itself (above the contorted hori- 
zons) and the Upper Cherty beds (below them) have been sub- 
jected to gentle folding, it is here suggested that the Upper Slaty 
beds between them suffered the usual drag folding of incompetent 

? Clements, J. Morgan, U.S. Geol. Survey Mon. 45, P. 377, I9O3. 
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beds. Figs. 52 and 53 have been constructed on this supposition, 
which agrees with the areal distribution of the various members 
of the Gunflint formation. 

There are other irregularities in the distribution of the horizon 
markers •vhich are best explained by faulting. For instance, the 
upper beds of the Upper Cherry horizon are found capping a hill 
just north of the center of Sec. 27, at an elevation of •,86o feet, 
and the same beds are found a quarter of a mile to the northeast, 
across the ancient north-sotith valley at an elevation of •,66o 
feet. With a nearly east-west strike, and a dip to the south of 
about x2 ø to x5 ø in each outcrop, the situation is the reverse of 
what it should be, i.e., the lower outcrop should be to the south 
instead of to the north of the higher outcrop. The evidence 
points to the absence of any folding which would explain such 
conditions. A similar case occurs just to the north near the cen- 
ter of Sec. 22, where all previous maps show the base of the 
Upper HuronJan turning suddenly to the north across a level 
swamp. Such a change in strike has not been observed. Both 
these anomalous conditions can be best explained by a normal 
fault trending along the abandoned north-south valley, the east- 
ern side having a vertical drop of x3 ̧ feet (this being the strati- 
graphic thickness between the Upper and Lower Cherty horizons). 

Extending across the SE.• Sec. 2•, and the SW.• Sec. 22, 
is a belt of iron formation surrounded by Archean greenstone 
which has been described as an infolded syncline. s From the 
distribution and attitude of the outcrops it seems likely that there 
is a fault along the south side of this syncline. In all cases noted 
the outcrops of iron formation nearest the greenstone on the 
south limb of this syncline are of the upper horizons of the iron 
formation, rather than the loxver. Higher horizons occur to the 
east than to the west along this infolded strip, making it appear 
as though the older greenstone cut across the beds of the iron 
formation. These facts seem to favor the existence of a fault 

along the southern edge of the strip and the xvriter has mapped 
8 Grant, U.S., op. cit., p. 472. 
Clements, J. Morgan, op. cit. 



ECONOMIC GEOLOGY OF GUNFLINT IRON DISTRICT. 439 

it as such (Figs. 52 and 53), although it is recognized that 
there is sufficient space between all the outcrops of greenstone 
and upper beds of iron formation for the lower .beds to occur if 
they were suddenly upturned. 

Origin and History.--The main events in the geological his- 
tory of the Lake Superior iron formation are well known, namely, 
sedimentation in relatively shallow water. The material was 
largely precipitated from solution, and consisted of chert with 
varying amounts of ferrous silicate, ferrous carbonate, and hy- 
drous iron oxides. Very little clastic material was in the primary 
deposit. Some horizons were laid down much richer in iron than 
others. The greater part of the Lower Cherty horizon of the 
Biwabik formation owes its high iron content to primary depo- 
sition. On the other hand, certain other beds have probably un- 
dergone a primary enrichment due to the operation of oxidation 
and leaching processes shortly after deposition, at times of lower- 
ing or temporary withdrawal of the sea. ø Such periods of pri- 
mary enrichment are marked by more or less conglomeratic ma- 
terial. Sufficiently detailed work to determine the extent of 
erosion during these periods has not been done in most places. 
Grout classifies the conglomerates of the Biwabik as intraforma- 
tional, not marking any erosional unconformity? Hotchkiss, 
by frequent measurement of sections of the Ironwood forrhation 
of the Gogebic, finds that at least one of the conglomerates marks 
an unconformity. TM In any event, enrichment has played a sub- 
ordinate part in the Gunflint iron formation. The two important 
iron beds, one in the Lower Cherry, and the other in the Lower 
Slaty member, show no evidence of enrichment. A little con- 
glomeratic material at the top of the Upper Cherty beds marks no 
noticeable enrichment, or erosional unconformity, as far as could 
be discovered. 

9 Grout, Frank F., "The Nature and Origin of the Biwabik Iron-bearing 
Formation of the Mesabi Range, Minnesota," Ecoa. GEo•.., vol. x4, pp. 458- 
463, •9•9. 

•o Idem. 

•x Hotchkiss, W. O., "Geology of the Gogebic Range and its Relation to 
Recent Mining Developments," En!l. and Min. Jour., vol. xo8, p. 506, x9•9. 
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Metamorphism.--After deposition and deep burial, the iron 
formations of the Lake Superior region were subjected to more 
or less folding and igneous intrusion. It was durin.g these periods 
of static, dynamic, and contact metamorphism that the primary 
minerals of the formation reacted to t[orm the silicates and mag- 
netite which are characteristic of the unweath'ered formations of 

some districts. In the past, dynamic and contact metamorphism 
have been emphasized as the chief processes involved in the for- 
mation of the magnetite rocks of the Lake Superior iron ranges. 
That magnetite may develop under conditions of static meta- 
morphism, with no more dynamic action than is involved in a 
gentle tilting of the beds, may be seen in the Bi•abik and the 
Gunflint formations. Thus, drill cores of the unoxidized Biwa- 
bik formation, far from any igneous intrusives, show that the 
chief iron-bearing mineral now is magnetite. TM Greenalite is 
practically limited to comparatively narrow parts of the slaty 
horizons, and hematite is rare indeed. Likewise in the Gunflint 

area, it is not believed that the action of the Duluth gabbro had 
any effect on the amount of magnetite present in a given horizon. 
For instance, the magnetite rich beds of the Lower Slaty horizon 
were sampled in Sec. 28, where the gabbro is close by, and Sec. 
22, where it is farther away (i.e., stratigraphically near or far) 
and tl•e two samples had the same percentage of magnetite within 
the limits of sampling error. •a Apparently, then, the effect of 
the gabbro in the Gunflint region was the same as on the east 
Mesabi; it promoted coarse crystallization and reduced pore 
space, but probably did not increase the amount of magnetite. 
The type of silicate present was controlled partly by the influence 
of the gabbro. For instance, the development of fayalite in both 
the Gunflint and Biwabik formations and the cordierite reported 
by Zapffe seem to be limited to the coarsely crystalline iron for- 
mation in the vicinity of the gabbro. 

Texture and Mineral Composition.--There is evidence of some 

•2 Wolff, J. F., "Recent Geologic Developments on the Mesabi Iron Range, 
Minnesota," Proc. Lake Sup. Min. Inst., •9x7, P. 234. 

Grout, Frank F., op. cit., p. 463. 
xa Analyses made by the Minnesota School of Mines Experiment Station. 
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contribution of material from the gabbro to the nearby intruded 
rock. The magnetite rich horizon of the Lower Cherty beds 
shows a considerable amount of sulphide from the Paulson mine 
westward, whereas, in the eastern part of the area, the same 
horizon shows little if any. The TiO2 content of the magnetite 
of the same horizon at the Paulson is .o9; while in Sec. 23 it is 
ß o3. The TiO2 content of the Lower Slaty member at the Paul- 
son is .2•; in Sec. 22 it is .•6. Inasmuch as the gabbro is much 
nearer stratigraphically at the Paulson, the additional sulphur 
and titanium are proba'bly contributions from it. 

The present mineral composition of the Gunflint beds has been 
mentioned under the deõcription of the separate horizons. Prob- 
ably over 95 per cent. of the formation is quartz, amphibole, and 
magnetite, most abundant in the order named. Carbonate has 
been mentioned as characterizing the beds in the region of Gun- 
flint Lake. This impression possibly results from the fact that 
the upper part of the Upper Slaty beds which are the highest in 
carbonate content, outcrop over a wider area near Gunflint Lake 
than elsewhere. Westward, the gabbro comes into direct. contact 
with the iron formatlon and there is a consequent enlargement in' 
the size of the grain. None of the fine grained chert remains, 
and the rock is conspicuous for its coarse bands of fairly well- 
segregated quartz, amphibole, and magnetite, together with many 
silicates which characterize the contact zone24 

Thickness.--The thick. nesses of the three lowest members were 
obtained by measuring the excellent sections exposed in the cliffs. 
The thickness' of the Upper Slaty is not so certain, as the ex- 
posures are not so complete. The following figures are believed 
to be dose to the true thickness. 

• Zapffe, Carl, "Effects of a Basic Igneous Intrusion on a Lake Superior 
Iron-bearing Formation," EcoN. GEOL., vol. 7, P. I75, I912. 

Zapffe's paper deals with the intensely metamorphosed iron formation of 
the western part of the district, where the gabbro is in direct contact with it. 
The various subdivisions which are recognized in the area herein described 
(Fig. 52) are recognized only with difficulty in the western area which supplied 
the material studied by Zapffe. Certain horizons, however, such as the "in- 
termediate slate," may be picked out in drill cores even from the most in- 
tensely metamorphosed iron formations. 
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Upper Slaty ..................................................... x5o feet 
Upper Cherty .................................................... 45 
Lower $1aty ..................................................... 95 
Lower Cherty .................................................... 40 

Total thickness of the Gunflint formation ....................... •3o feet 

While this measurement is much less than the former estimates, 
ranging from 800 to x,ooo feet, it agrees well with the measured 
thickness of the Biwabik formation on the east Mesabi just before 
it begins to be truncated by the gabbro. The measurements re- 
ferred to are as follows: 

Upper Slaty ..................................................... 9o feet 
Upper Cherty .................................................... 95 
Lower Slaty ..................................................... 85 
Lower Cherty .................................................... 70 

Total thickness of Biwabik formation east of Dunka River ....... 340 feet 

Rove Slate. 

The Rove slate lies conformably above the Gunflint iron for- 
mation, the contact being marked by a thin bed of limestone. 
The largest diabase sill in the area, possibly x 5 ̧ feet in thickness, 
is intruded along this contact. Grant •* has described these slates 
in some detail, and the writer will not discuss them in this paper. 
The gabbro truncates them, the last outcrop toward the west seen 
by the writer being at the base of the gabbro cliff south of the 
Cross River along the east line of Sec. 2 7 . Here they are so 
altered as to be almost unrecognizable. 

Kezc,eena.zc,an Intrusives. 

The Keweenawan rocks in this area are the Duluth gabbro and 
the Logan sills. Dikes of diabase and gabbro are also of common 
occurrence. These are all intrusive into the Upper Huronian. • 
The map (Fig. 52) shows the Duluth gabbro, and the two largest 
diabase sills. Geologists agree that the relation of the Logan 

•* Grant, U.S., op. cit., p. 475. 
•6 The evidence of this relation is given in the publications of the Minnesota 

and United States Geological Surveys. 
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sills to the Duluth gabbro has never been satisfactorily stated. 
It has been pointed out that the gabbro and the sills are petro- 
graphically the same, the mineral composition being alike, and 
textural gradations within the sills showing all intermediate 
types ranging from the characteristic fine to medium grained 
diabase to gabbro. Van Hise and Leith conclude that the Logan 
sills and the Duluth gabbro are to be "regarded as essentially 
contemporaneous and genetically related. 'u7 Grant, after sum- 
marizing points of difference between the sills and the gabbro, 
says that he "is inclined to the idea that they are of earlier age 
than the gabbro. 'us One fact that has not been sufficiently em- 
phasized, and which justifies the idea that the sills are earlier than 
the gabbro is that they have been metamorphosed by the gabbr.o, 
forming a hornfels. The diabase texture has been lost entirely in 
some cases, the minerals remaining essentially the same. The 
change tends to produce a fine to medium grained rock of the 
mineral composition of gabbro, a characteristic feature being that 
the grains of the various minerals are rather uniform in size, with 
a tendency toward rounded outlines. TM Grant has shown such 
rocks to be present within the gabbro mass along its northern 
border. 2ø They have frequently been confused with the slates 
and Archean greenstone, which where metamorphosed by the 
gabbro, either in the immediate contact zone or as inclusions in 
the gabbro develop to same hornfels texture. Since the diabase 
sills in the Upper HuronJan i'n both the eastern Mesabi and the 
Gunflint region have suffered the same sort of change in the 
immediate vicinity of the gabbro, it is certain that they are some- 
what earlier, perhaps of the same age as the "granulitic gabbro" 
described by Grant, and regarded by him as being earlier con- 
solidations of the Keweenawan instrusive. 2• Not only do the 

•7 Van Hise, C. R., and Leith, C. K., op. cit., p. 202. 
x8 Grant, U.S., op. cit., pp. 487-488. 
x0 Zapffe, op. cit., p. •53, refers to this change as endomorphic. That the 

change is due to contact metamorphism by the Duluth gabbro is indicated by 
its confinement to the immediate contact one. Distant from the gabbro the 
sills are comparatively fresh and unaltered. 

s0 Grant, U.S., op. cit., pp. 477-478. 
2x Grant, U.S., op. cit. 
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diabase sills t/resent this evidence of metamorphism by the 
Duluth gabbro, but sills of gabbro itself show the same changes. 
Thus we may, say that the sills of diabase and gabbro in the 
Upper Huronian of the east Mesabi and the Gunflint region 
were of earlier age than the Duluth gabbro. 

Localities where the metamorphic effects of the Duluth gabbro 
on the sills may be seen are as follows: 

East Mesabi District.--Sec. 35, T. 6I N., R. i2 W.--SE. • 
of NW. • along west boundary of the gabbro. 

Gunflint District.--Finer grained edges of gabbro sills in iron 
formation from Sec. 29, T. 65 N., R. 4 W. westward. 

Good examples may be seen in some of the inclusions of Gun- 
flint formation within the gabbro itself. Some such inclusions 
have sills in them, and after being broken off and surrounded on 
all sides .by the gabbro magma, suffered intense metamorphism. 
The southern edge of the patch'of Gunflint formation south of 
Gabimichigama Lake, in Sec. 7, T. 64 N., R. 5 W., contains such 
a sill, which, though it has lost its diabasic texture, is easily recog- 
nized as having been such from its relation to the iron formation, 
and the characteristic phenocrysts of plagioclase which remain. 

PART II. THE IRON ORES OF THE GUNFLINT REGION. 

Introd•ct. ion. 

The present plans for quarrying and concentrating the mag- 
netic-rich beds of the Biwabik formation of the east Mesabi 

naturally arouse interest in the possibilities of a similar opera- 
tion on what may be regarde. d as an' extension of the Mes'a, bi in 
the Gunflint Lake area. Economically considered, there are sev- 
eral factors which are the same in both areas. Among these are 
the attitude of the beds, in each case allowing quarry operations 
in part of the areas, and the fact that the chief iron ore mineral 
is magnetite, allowing .magnetic concentration methods to be em- 
ployed. These and other economic considerations will be taken up. 
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Hematite and Siderite. 

The writer saw no evidence, other than local, of any oxidation 
to ferric oxide. So far as he is aware, prospecting has given no 
encouragement of a chance of finding hematite bodies. How- 
ever, there would seem to be a chance for oxidation and concen- 
tration to take place in the troughs of the folds which occur in 
the rock over the area where the Upper Slaty beds outcrop east 
of the north-south fault running through Secs. 22 and 2 7. So 
far as the writer is aware, no explorations have been made in this 
part of the area. To investigate this possibility, drill holes should 
be sunk to the base of the formation. The only noteworthy iron- 
carbonate horizon is a thickness of about 5 feet at the top of the 
formation. From the vigorous effervescence with cold dilute 
acid, a large part of this rock is calcite. Therefore any iron min- 
ing must be in magnetite ore, unless future exploration discloses 
hematite in the region. 

Ma!7netite Concentration Ore. 

Ma#netite Content.--The average chemical composition of a 
large part of the Gunflint iron formation is given by Van Hise 
and Leith as follows. 22 

SiO .......................... 6o.5• 
A120a ......................... •.2o 
Fe ........................... 25.22 
MgO .......................... 52 
CaO .......................... 67 
Na20 ......................... oo 

H_oO ......................... Small 
P20 ........................... o5 
S ............................. 59 
MnO .......................... 92 

A 3-foot layer at the base of the formation which contains 
over 55 per cent. in iron is mentioned. However, it must be kept 
in mind that the percentages of iron as given above are total 
iron. A process of magnetic concentration is designed to'remove 
as far as practicable every mineral constituent excepting mag- 
netite, from the concentrates. In the Gunflint formation, a con- 
siderable part of the rock consists of iron-bearing minerals other 

Van Hise, C. R., and Leith, C. K., op. cit., p. 204. 
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than magnetite. The percentage of iron in these is rejected in 
magnetic concentration and goes into the tailings. Therefore, in 
considering the rock as to its availability for magnetic concen- 
tration, the iron in magnetite alone, conveniently referred to as 
"magnetic iron," is significant. 

Inspection of the various horizons of the Gunflint formation 
shows that there are but two likely to prove of high enough mag- 
netite content to be of value. By this is meant a horizon xvhich 
will furnish one ton of magnetic concentrate of about 60 per 
cent. iron from three tons of rock or less. These horizons. are 

the 5 to 15 foot thickness of magnetite rock in the Lower Cherty 
beds and the upper member of the Lower Slaty beds, about 45 
feet in thick,ness. 

Lower Cherty Beds.--The magnetite rich beds at the base of 
the Lower Chei'ty beds are admirably adapted to magnetic con- 
centration. A sample of a •2-foot cliff of these beds in the NW. 
• of Sec. 23, T. 65 N., R. 4 W. shows that 1.55 tons of rock, 
ground to IOO mesh, will make I ton of concentrate containing 
as follows 

Soluble iron ......................................... 59.22 
Phosphorus ......................................... 0.009 
TiO.o ................................................. 03 

Specimens of the same horizon from the stock pile at the Paul- 
son mine, picked because of their high-grade appearance, were 
reported by the same laboratory as follows. One ton of concen- 
trate of the following grade could be magnetically concentrated 
from 1.38 tons of rock after •oo-mesh grinding: 

Soluble ir6n ......................................... 64.76 
Phosphorus ......................................... 0.009 
TiO .................................................. 09 
S .................................................... 21 

The higher grade of concentrate in the latter is due to the coarser 
2a Results of a concentration test on a sample submitted to the Minnesota 

Mines Experiment Station, at the University. 
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crystallization nearer the gabbro. The higher content of titanium 
and sulphur have already been mentioned as being probable con- 
tributions from the gabbro. The grade of this horizon as an ore 
and the quality of concentrate produced from it are to be re- 
garded favorably. The Paulson mine in Sec. 28 was a venture to 
mine this horizon, the intent being to ship a hand-sorted ore to 
Port Arthur. A railroad was built and considerable exploration 
done. The scheme failed and the rails were removed from the 

mine to North Lake, Ont. 
From the standpoint of method of mining, there are three dif- 

ferent areas in which this bed occurs. In parts of the northern 
halves of Secs. 22, 23, and 24, it lies exposed as a thin capping 
on the south slope of the granite hill. Its thickness as exposed 
varies from o to x2 feet. At best, it would make a lc)w'-faced 
quarry, and probably could never be regarded seriously as a min- 
ing proposition. 

In the above-mentioned sections, the horizon dips under the 
upper beds at an angle of 7 to x2 degrees to the south. Terraces 
and minor folds make considerable local changes in this general 
dip. From surface geology, there appears to be a good. chance 
of this horizon being within 5 ø feet of the surface in the valley in 
the NE. • Sec. 26. 

From the center of Sec. 27 westward the dip steepens rapidly, 
averaging 45 ø to the south. The thickness of the horizon for 
concentrating purposes varies from 5 to •5 feet in this vicinity, 
judging from the drill cores available for examination. 

To summarize' There is a bed from 5 to x5 feet in thickness 
near the base of the Gunflint formation which will yield a high 
grade magnetic concentrate after being ground to •oo mesh, with 
a concentration ratio of about x.5. The grade of concentrate ob- 
tained with the same fineness of grinding improves toward the 
western end of the district. Underground mining methods would 
be required to work the ore. 

Lower Slaty Beds.--The other bed which might be a source of 
concentrating ore is the upper 45 feet of the Lower Slaty beds. 
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A sample 24 of this horizon from the SE. ¬ Sec. 22 shows that 
a little over two tons of rock, ground to •00 mesh yields one ton 
of magnetic concentrates, having the folloxving grade- 

Fe .................................................. 47.32 
P ................................................... 0.028 

TiO2 ................................................ o.x6 

A sample of •2 feet of the same beds, exposed in a cut a few rods 
east of the Paulson mine was reported as follows' A little more 
than two tons of rock, ground to •oo mesh, yields one ton of 
magnetic concentrates, assaying as follows' 

Fe .................................................. 48.79 
P ................................................... o.o•7 
TiO2 ................................................ o.2• 

Therefore, xoo-mesh grinding is not fine enough, since the iron 
content of the concentrate is low. Finer grinding would raise 
the iron content, and probably lower the phosphorus content of 
the concentrates. 

As in the case of the other magnetite rich horizon, the assays 
show the coarseness of grain and the TiO2 content to increase 
near the' gabbro. 

The geological attitude of the beds would require underground 
mining methods. The dip is the same as the dip of the other 
magnetite bed described above. No considerable areas of this 
horizon are exposed, so it is not adapted to quarrying methods. 

Other Economic Considerations.--Physically the rock is ex- 
ceedingly hard and tough. Pore space is said to be less than • 
per cent. Exploration by diamond drilling is necessary to prove 
the continuity and grade of the horizons described above. The 
drilling need not be so closely spaced as in the outlining of hema- 
tite bodies of the Lake Superior region, for these are continuous 
beds, and the changes along any bed are gradual. Transporta- 
tion would be about the same as on the Mesabi range;,a haul of 
about 80 miles to Port Arthur, Ontario, thence by boat to the 
lower lake ports. 

2• Submitted to the Minnesota Mines Experiment Station for a concentra- 
tion test. 
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Co•nparison with East Mesabi Magnetites. 

As compared with the eastern Mesabi, the Gun flint area is 
much less favorable for mining and concentration. A compari- 
son follows: 

•..4ttitude of Beds.--The beds over the greater part of the 
east Mesabi dip from 4 to 8 degrees to the south, outcropping in 
many places on a slope of 2 to 6 degrees in the same direction, 
which combination in many places allows the slope of the sur- 
face and the dip of the beds to be practically parallel, thus giw 
ing large surface outcrops of the various horizons. This makes 
quarrying a possibility. The Gunflint beds are steeper, and would 
require underground methods of mining. 

2. Thickness of Magnetite-rich Beds. On the easV-Mesabi 
there is a thickness of over •oo feet of beds which will make a 60 

per cent. iron concentrate, with a concentration ratio of 2. 5 after 
x oo-mesh grinding. The greatest thickness observed in the Gun- 
flint beds which would equal this in quality is x5 feet. On the 
east Mesabi there are other beds which would require extra fine 
grinding to produce a 60 per cent. concentrate, which are equal 
in thickness to the fine-grained magnetite-rich horizon in the 
Lower Slaty of the Gunflint, requiring the same or finer grinding. 

3. Grade of Ore.--The 12 feet of Lower Cherty beds of the 
Gunflint sampled in Sec. 23 assayed 38.23 per cent. Fe in magne- 
tite. This is better than any known similar thickness on the east 
Mesabi. The 45 feet of Lower Slaty beds of the Gunflint sam- 
pled in Sec. 22 ran 2•,.22 per cent. Fe in magnetite. There is a 
thickness of xoo feet on parts of the east Mesabi which will assay 
as well as that. Forty feet of the •oo feet of eastern Mesabi ore 
will approach 3 ø per cent. magnetic iron. 

4. Grade of Con.centrate.--The concentrate, with the same 
fineness of grinding, from the Lower Cherty magnetite of the 
Gunflint is equal to any from the Biwabik formation known to 
the writer. The concentrate from the 45 feet of Lower Slaty 
beds in the Gunflint is leaner than that from most of the horizons 

on the east Mesabi. Locally a high sulphur or titanium content 
may ruin the Gunflint formation as an iron ore. 
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5. Tonnage of Ore.--On the east Mesabi, exploration has 
shown that there is good concentrating ore in beds over IOO feet 
in thickness for two miles along the strike. Field mapping indi- 
cates that there is comparatively good material for a much greater 
distance. 

In the Gunflint region the beds which are magnetite-bearing 
are about one half the thickness of the east Mesabi ore beds, and 
have a maximum extent of 9 miles along the strike. However, 
the steeper dip in the Gunflint, especially west of the Paulson 
mine, largely compensates for the thinness of the beds; a given 
4o-acre tract may have a greater tonnage of concentrating ore 
than any similar area on the greater part of the east Mesabi. 

Inasmuch as Ioo-mesh material is too fine for present blast 
furnace practice, the concentrates of either the Gunflint or east 
Mesabi ores must be sintered or briquetted. - 

The places where there are the best possibilities for hematite 
ore on the Gunflint have not yet been explored so far as the 
writer is aware. There are two horizons which are rich enough 
in magnetite to be interesting as furnishing possible concentrat- 

ß ing ore, but several factors tend to make the costs of mining and 
concentrating higher than similar operations on the east Mesabi. 
Therefore, until it is proved on a commercial scale that concen- 
trates from the east Mesabi magnetite can be sold at a profit, at- 
tempts to operate on the Gunflint would be premature. 

PART III. TI-IE APPLICATION OF DETAILED STRATIGRAPHY TO 

PRE-CAMBRIAN CORRELATION. 

The value of detailed study of the lithology of pre-Cambr{an 
formations {n making correlation is worthy of mention. 'In I88 5 
Irving spoke of the proper employment of lithological character 
in making correlations in the pre-Cambrian, and predicted the 
increasing use of such evidence in the future. 25 Notable success 

25Irving, I{. D., "On the Classification of pre-Cambrlan Formations," 
Seventh Ann. I{ept. U.S. Geol. Survey (•885-I886), pp. 365-454, 1888. 
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in the detailed study of the beds of pre-Cambrian formations is 
apparent in the work of the past few years by Wolff of the Oliver 
Iron Mining Company, and the State Geological Surveys of 
Michigan, Wisconsin, and Minnesota. In the present instance, 
few geologists would demand any additional evidence of the iden- 
tity of the Gunflint and the Biwabik ;formation, after having 
determined the characteristics and succession of the various beds 

of each formation and observed the points of similarity as listed 
above. One would be justified in correlating the two formations 
on the lithological simil•arity alone, in case the relations to other 
formations were not exposed. In fact, any contradictory evi- 
dence would be subjected to very severe scrutiny before it was 
admitted. 

It is now known that the general fourfold division of the iron- 
bearing member of the Upper HuronJan in Minnesota extends 
over a distance of about •7 o miles alon• the strike. A hasty trip 
along the Ontario-Minnesota line, where the iron formation ou't- 
crops about •o miles east of the area studied in detail, showed the 
presence of septaria in cherty concretions, and of the algal struc- 
tures. Descriptions of the Loon Lake, Ontario, district, about 
•oo miles northeast of the Gunflint district, show an interbedded 

'slate in the iron formation 25 to 3 ø feet in thickness and with 
about 5 ø feet of iron formation below and 300 above it. 2ø -This 
is just the position occupied by.the "intermediate" slate of the 
Biwabik on the east Mesabi, and the Gunflint. Thus a detailed 
study of the Animikie beds of the Loon Lake district would be 
sure to show some of the features of the corresponding beds in 
Minnesota. 

From the Upper Huronian of the Gunflint and Mesabi dis- 
tricts to the Upper Huronian of the Penokee-Gogebic of Wiscon- 
sin and Michigan, is about •2o miles. Since the Upper Huronian 
in Minnesota and Michigan are on the two opposite limbs of a 
syncline, the distance along the bedding is much greater, prob- 
ably too great to expect to find any common features of bedding 
persisting across such a large area of deposition. However, it is 

26 Van Hise, C. R., and Leith, C. K., op. cit., p. 207. 
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interesting to note the following features of the Ironwood for- 
mation of the Penokee Gogebic as described by Hotchkiss. =7 

•. Starting with a cherty horizon at the base, there is an alter- 
nation of cherty and slaty members. 

2. A persistent bed of "gnarled concretionary jasper" which 
is red in some cases and light gray in others, is stroagly su• 
gestive of the lower algal chert of the east Mesabi. =* 

3- The top of the second cherry member is marked by a con- 
glomerate as is the top of the Upper Cherry 'beds of the Biwabik 
and Gunflint. 

4. In general the cherry members have "wavy" bedding planes 
and the slaty beds have parallel bedding planes. This is also true 
of the Biwabik and Gunflint formations. 

The above likenesses are enough to cause one to look forward 
with interest to the time when geologists familiar with the details 
of one or another of the Upper Huronian formations of the Lake 
Superior region have the opportunity to study the others. 
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27 Hotchkiss, W. O., op. cit., pp. 5o•-5o6. 
2s Broderick, T. M., "Detail Stratigraphy of the Biwabik Iron-bearing 
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